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(57) ABSTRACT

A method for recovery of cerium oxide from the abrasive
waste composed mainly of cerium oxide arising from the
polishing of glass substrates, said method including the steps
of (i) adding to the abrasive waste an aqueous solution of a
basic substance; (i1) adding to the resulting solution a precipi-
tant, thereby forming precipitates composed mainly of
cerium oxide, and removing the supernatant liquid; (iii) add-
ing to the resulting precipitates a solution of an acid sub-
stance, thereby making said precipitate slightly acid to neu-
tral; (iv) washing the precipitates with an organic solvent; and
(v) drying and crushing the precipitates. The method males it
possible to recycle abrasive waste into a pure abrasive com-
posed mainly of cerium oxide which can be reused to polish
synthetic quartz glass substrates for state-of-the-art semicon-
ductor technology relating to photomasks and reticles.

6 Claims, No Drawings
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METHOD FOR RECOVERY OF CERIUM
OXIDE

CROSS-REFERENCE TO RELATED
APPLICATION

This non-provisional application claims priority under 35
U.S.C. §119(a) on Patent Application No. 2011-276669 filed
in Japan on Dec. 19, 2011, the entire contents of which are
hereby incorporated by reference.

TECHNICAL FIELD

The present invention relates to a method for recovery of
cerium oxide from the abrasive waste composed mainly of
cerium oxide arising from the polishing of synthetic quartz
glass substrates to be used as an electronic material related to
semiconductors.

BACKGROUND ART

It is common practice in the field of semiconductor and
optics to polish glass substrates with an abrasive containing
rare earth elements composed mainly of cerium oxide and
additionally of yttrium oxide and neodymium oxide in small
amounts. Unfortunately, Japan is limited in the yield of min-
erals containing rare earth elements for abrasive and she relies
mostly on import for their supply. In view of the current
international situation, the future uncertainly of import, and
the limited reserves, there exists a strong desire to recover and
recycle rare earth elements after their use.

Under these circumstances, researches are being con-
ducted on the recovery of rare earth elements, particularly the
method for recovery of cerium oxide. For example, JP-A
H11-90825 (Patent Document 1) has disclosed a method for
recovering cerium oxide from abrasive waste by the steps of
removing impurities by treatment with an alkali metal
hydroxide, forming a cake mainly containing cerium oxide
with the help of a precipitant, and drying and screening.

Furthermore, JP-A 2002-28662 (Patent Document 2) has
disclosed another method including the steps of adding a
weak alkaline aqueous solution into abrasive waste used for
polishing glass substrates, controlling the zeta potential, and
centrifuging the resulting liquid to separate and recover
cerium oxide.

In addition, JP-A 2007-276055 (Patent Document 3) has
disclosed still another method which employs acid treatment
in place of alkali treatment for recovery of cerium oxide from
abrasive waste, unlike the above-mentioned method.

SUMMARY OF INVENTION
Technical Problem

However, the method disclosed in Patent Document 1 has
the disadvantage of being unable to remove impurities com-
pletely from abrasive waste. In other words, the recovered
cerium oxide contains metallic elements originating from the
precipitant and alkali metal hydroxide as well as substances
remaining unremoved in abrasive waste after alkali treatment.
Such recycled cerium oxide cannot be used as abrasive in the
field involving semiconductors which need to be free of metal
impurities and minute defects.

The method disclosed in Patent Document 2 also has the
disadvantage of being unable to completely remove inorganic
impurities such as SiO, released from quartz glass substrates
by polishing because the amount of alkali added to abrasive
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waste is very small just enough to change the zeta potential.
The cerium oxide recovered in dry state contains residual
Si0, in such a large amount that it cannot be reused as an
abrasive for glass substrates.

Further, there is a negative factor that, although the removal
of'glass constituents from abrasive waste is possible by leach-
ing with the help of hydrofluoric acid, the recovered cerium
oxide resulting from separation and drying still contains
residual hydrofluoric acid which will roughen the surface of
glass substrate by its etching action during polishing. The
hydrofluoric acid may be replaced by concentrated nitric acid,
with the result that it will dissolve cerium oxide, thereby
decreasing the recovery rate. Moreover, the recovered abra-
sive containing residual hydrofluoric acid is not desirable
from the standpoint of safety.

The present invention was completed in view of the fore-
going. It is an object of the present invention to provide a
method for not only recycling abrasive waste resulting from
the polishing of glass substrate but also obtaining recovered
abrasive which is composed mainly of cerium oxide and
almost completely free of impurities originating from abra-
sive waste.

Solution to Problem

In order to achieve the foregoing object, the present inven-
tors carried out a series of researches, which led to the find-
ings that it is possible to recover highly pure cerium oxide
from abrasive waste (composed mainly of cerium oxide) aris-
ing from glass polishing by the procedure involving alkali
treatment, precipitation with a precipitant, acid treatment,
organic solvent (alcohol) treatment, and drying and that the
thus recovered cerium oxide can be reused as an abrasive. The
present invention is based on the findings.

The abrasive waste composed mainly of cerium oxide
denotes one which contains at least 50 wt %, particularly 50
to 60 wt %, of cerium oxide in terms of solid content. More-
over, the abrasive waste may, besides cerium oxide, addition-
ally contain 10 to 15 wt % of SiO, (as solids) released from
quartz glass substrate by polishing. Incidentally, a virgin
abrasive usually contains 55 to 70 wt % of cerium oxide in
terms of solid content.

The present invention provides a method for recovery of
cerium oxide from the abrasive waste composed mainly of
cerium oxide which arises from the polishing of glass sub-
strates, the method comprising the steps of:

(1) adding to the abrasive waste an aqueous solution of a
basic substance;

(i1) adding to the resulting solution a precipitant, thereby
forming precipitates composed mainly of cerium oxide, and
removing the supernatant liquid;

(ii1) adding to the resulting precipitates a solution of an acid
substance, thereby making the precipitate slightly acid to
neutral;

(iv) washing the resulting precipitates with an organic sol-
vent; and

(v) drying and crushing the precipitates.

Preferably, the aqueous solution of a basic substance is that
of sodium hydroxide having at least pH 12.

The precipitant may be one selected from aluminum sul-
fate and polyaluminum chloride, the acid substance is one
selected from acetic acid, carbonic acid, dilute nitric acid, and
dilute hydrochloric acid, and the organic solvent is methanol.

Advantageous Effects of Invention

The method according to the present invention makes it
possible to recycle abrasive waste into a pure abrasive com-
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posed mainly of cerium oxide which can be reused to polish
synthetic quartz glass substrates for state-of-the-art semicon-
ductor technology relating to photomasks and reticles. The
recycling of abrasive waste will help stabilize the supply of
cerium as a valuable rare earth element.

DESCRIPTION OF EMBODIMENTS

The method for recovery of cerium oxide from the abrasive
waste arising from the polishing of glass substrates according
to the present invention is intended to recover abrasive com-
posed mainly of cerium oxide. It permits to recover cerium
oxide containing few impurities. It achieves its object by
sequential treatment of abrasive waste with an alkali, precipi-
tant, acid, and organic solvent.

The procedure for recovery starts with addition of an aque-
ous solution of a basic substance to abrasive waste. This step
is intended to make abrasive waste free of SiO, and impurities
(soluble in a basic aqueous solution) which otherwise would
form voids in the precipitates to be produced later.

The basic aqueous solution should be prepared from such
base as alkali metal hydroxide, amine, and ammonia, with
alkali metal hydroxide being particularly preferable. An
aqueous solution of sodium hydroxide or potassium hydrox-
ide which has atleast pH 12 is preferable. From the standpoint
of treatment of metal substances from the basic aqueous
solution, sodium hydroxide is more desirable because sodium
can be removed comparatively easily.

The basic substance helps remove SiO, which is contained
in large amounts in abrasive waste left after the polishing of
synthetic quartz glass substrates. This SiO, prevents the sedi-
mentation of solids in abrasive waste. Forced sedimentation
with excessive precipitant gives rise to precipitates in the
form of hard-to-handle voluminous cake containing a large
number of voids.

The basic aqueous solution to be added to abrasive waste
should preferably have at least pH 12. In other words, it
should have a concentration of 2.0 to 8.0 normal, particularly
2.0to 4.0 normal, from the standpoint of its ability to dissolve
Si0,. With a lower pH value, the basic aqueous solution does
not dissolve SiO, from abrasive waste completely or rapidly.
The basic aqueous solution should be added in an amount
large enough to dilute abrasive waste 2 to 5 times.

In the next step, a precipitant is added to settle solids which
have been treated with the basic aqueous solution. The pre-
cipitant includes, for example, aluminum sulfate and polyalu-
minum chloride. These precipitants are desirable in view of
the fact that cerium oxide as abrasive inherently has a small
particle diameter, the particles of cerium oxide become
smaller due to crushing by polishing, and the particles of
cerium oxide have electric charges.

The precipitant should be used in an amount 0f 0.2 to 1.0 wt
%, preferably 0.2 to 0.5 wt %, of the basic aqueous solution
containing the abrasive.

With solids settled to form precipitate, the supernatant
liquid is removed. In this way it is possible to remove SiO,
from abrasive waste and impurities soluble in the basic aque-
ous solution.

In addition to the above step, the remaining precipitates
should preferably be washed with pure water several times by
decantation, so that the solution containing impurities is
removed from the precipitates.

Then, the resulting precipitates are treated with a solution
of an acid substance so as to make them weakly acidic or
neutral. This step is intended to remove residual impurities
remaining after treatment with the basic aqueous solution and
also to make the precipitates nearly neutral. The acid sub-
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stance includes, for example, acetic acid, carbonic acid, dilute
nitric acid, and dilute hydrochloric acid, each having a con-
centration of 0.2 to 5.0 normal. The acid treatment should
preferably be performed in such a way that the resulting
solution which contains the precipitates has a pH value of
about 5.5 to 7. The solution with a pH value higher than 7 will
weaken the precipitant contained in the precipitates. Con-
versely, the solution with an excessively low pH value will
dissolve cerium oxide, thereby reducing the recovery rate.

The foregoing acid treatment should preferably be fol-
lowed by decantation with pure water repeated several times,
so that the precipitates are freed of solution containing impu-
rities.

Then, the thus obtained precipitates composed mainly of
cerium oxide are washed with an organic solvent so that they
are freed of residual metal (such as sodium and potassium).
The organic solvent should preferably be an hydrophilic one,
such as methanol.

Contamination with metal impurities in the abrasive is fatal
to the polishing of synthetic quartz glass substrates for pho-
tomasks and reticles to be used for fabrication of semicon-
ductors. Therefore, the recovered cerium oxide abrasive
should preferably contain as little abrasive-derived metal
impurities as possible aside from inevitable metal ions
derived from the polishing machine.

The recovered precipitates composed mainly of cerium
oxide are subsequently dried at 50 to 80° C. to be made into a
cake-like lump. This lump is crushed into powder having a
primary particle diameter of 0.5 to 2 pm. The resulting pow-
der can be reused as a cerium oxide-based abrasive. This
abrasive should contain cerium oxide (as solids) in an amount
at least 50 wt %, particularly 55 to 70 wt %, with the SiO,
content (as solids) being limited to 0.1 to 3.0 wt %, particu-
larly 0.1 to 2.0 wt %.

EXAMPLES

The invention will be described in more detail with refer-
ence to the following Examples and Comparative Examples,
which are not intended to restrict the scope thereof. Experi-
ments in the Examples were carried out using a virgin abra-
sive containing 62.1 wt % of cerium oxide (as solids) and
abrasive waste containing 54.0 wt % of cerium oxide and 12.0
wt % of SiO, (both as solids).

Example 1

A sample of abrasive waste (in liquid form) containing
cerium oxide, which was collected after the polishing of
quartz glass substrates, is prepared. This abrasive waste was
diluted three times with aqueous solution (2.0 N) of sodium
hydroxide. The resulting liquid was stirred so that the abra-
sive waste and the basic aqueous solution become thoroughly
intimate with each other. The resulting mixture was given
aluminum sulfate (0.5 wt %) for precipitation of solids. The
supernatant liquid was removed and the remaining solids
were washed several times with pure water. With solids exist-
ing therein, the pure water was acidified to pH 5.8 with 2.0 N
of nitric acid. The solids were washed several times with pure
water and finally with methanol. The washed solids were
dried to be made into a cake composed mainly of cerium
oxide. This cake was crushed into powder having a primary
particle diameter of 1 to 1.2 pm. Thus there was obtained a
recovered abrasive as desired.

Upon analysis by fluorescent X-ray spectrometry, the
recovered abrasive was found to contain 0.5 wt % of SiO, (as
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solids). This suggests that the recovered abrasive has almost
the same composition as the virgin abrasive composed mainly
of cerium oxide.

The recovered abrasive thus obtained was made into an
abrasive slurry, which was used for the polishing of quartz
glass substrates. The abrasive slurry produced the same effect
as the slurry of the virgin abrasive composed mainly of
cerium oxide.

Example 2

The same abrasive waste as used in Example 1 was diluted
2.5 times with an aqueous solution (3.5 N) of potassium
hydroxide. The resulting liquid was stirred so that the abra-
sive waste and the basic aqueous solution become thoroughly
intimate with each other. The resulting mixture was given
polyaluminum chloride (1.0 wt %) for precipitation of solids.
The supernatant liquid was removed and the remaining solids
were washed several times with pure water. With solids exist-
ing therein, the pure water was acidified to pH 6.3 with acetic
acid. The solids were washed several times with pure water
and finally with methanol. The washed solids were dried to be
made into a cake composed mainly of cerium oxide. This cake
was crushed into powder having a primary particle diameter
of'1 to 1.2 um. Thus there was obtained a recovered abrasive
as desired.

Upon analysis by fluorescent X-ray spectrometry, the
recovered abrasive was found to contain 0.3 wt % of SiO, (as
solids). The recovered abrasive thus obtained was used for the
polishing of quartz glass substrates. The abrasive slurry pro-
duced the same good effect as that in Example 1.

Comparative Example 1

A sample of abrasive waste was diluted three times with
pure water in the same way as in Example 1. The resulting
liquid was stirred so that the solids were thoroughly dis-
persed. The resulting mixture was given aluminum sulfate
(1.0 wt %) for precipitation of solids. The supernatant liquid
was removed and the remaining solids were washed several
times with pure water. The washings were found to have pH
6.9. The solids without acid treatment were washed with
methanol. The washed solids were dried to be made into a
cake, which was subsequently crushed into powder having a
primary particle diameter of 1 to 1.2 pm.

Upon analysis by fluorescent X-ray spectrometry, this
powder was found to contain 12.3 wt % of SiO, (as solids).
When used as an abrasive for glass polishing, this powder
caused chattering to the polishing machine without no good
polishing effect.

Comparative Example 2

A sample of abrasive waste was diluted three times with 2
wt % aqueous solution of fluoronitric acid (rich with nitric
acid) in the same way as in Example 1. The resulting liquid
was stirred so that the solids were thoroughly dispersed. The
resulting mixture was given aluminum sulfate (1.0 wt %) for
precipitation of solids. The supernatant liquid was removed
and the remaining solids were washed several times with pure
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water. The washings were found to be strongly acid. The
solids without pH control such as neutralization were washed
with methanol. The washed solids were dried to be made into
a cake, which was subsequently crushed into powder having
a primary particle diameter of 1 to 1.2 pm.

Upon analysis by fluorescent X-ray spectrometry, this
powder was found to contain 0.5 wt % of SiO, (as solids).
However, the content of cerium oxide was only about 50 wt %
of that in the virgin abrasive. This poor yield is due to treat-
ment with a strong acid which leaches out cerium oxide. An
aqueous slurry of this powder as an abrasive for glass polish-
ing was so strongly acid that it damaged the polishing cloth
more rapidly than usual and it was poor in polishing perfor-
mance.

Japanese Patent Application No. 2011-276669 is incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto in light of the above teachings. It is therefore to be
understood that the invention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

The invention claimed is:

1. A method for recovery of cerium oxide from an abrasive
waste composed mainly of cerium oxide which arises from
polishing of glass substrates, said method comprising the
steps of:

(1) adding to the abrasive waste an aqueous solution of a

basic substance to form an abrasive waste solution;

(i1) adding to the abrasive waste solution a precipitant,
thereby forming precipitates composed mainly of
cerium oxide, and supernatant liquid, and removing the
supernatant liquid;

(ii1) adding to the precipitates a solution of an acid sub-
stance, thereby making said precipitates have a pH value
of about 5.5 to 7, and removing the solution of the acid
substance;

(iv) after removing the solution of the acid substance,
washing the precipitates with an organic solvent; and

(v) after washing the precipitates with the organic solvent,
drying and crushing the precipitates.

2. The method for recovery of cerium oxide of claim 1,
wherein the aqueous solution of a basic substance is that of
sodium hydroxide having at least pH 12.

3. The method for recovery of cerium oxide of claim 1,
wherein the precipitant is one selected from aluminum sulfate
and polyaluminum chloride.

4. The method for recovery of cerium oxide of claim 1,
wherein the acid substance is one selected from acetic acid,
carbonic acid, dilute nitric acid, and dilute hydrochloric acid,
and the acid substance has a concentration of 0.2 to 5.0
normal.

5. The method for recovery of cerium oxide of claim 1,
wherein the organic solvent is methanol.

6. The method for recovery of cerium oxide of claim 1,
which produces arecovered abrasive containing cerium oxide
as solids in an amount of at least 50 wt % and silicon dioxide
as solids in an amount 0of 0.1 to 3.0 wt %.
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